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IN-BUILDING CATV SYSTEM, DOWN-CONVERTER, UP- 
CONVERTER AND AMPLIFIER 



FIELD OF THE INVENTION 

The invention relates to an in-building CATV 
system provided in a building and connected to a lead-in 
wire from an external bi-directional CATV system for 
transmitting a downward signal inputted from the 
external bi-directional CATV system via a transmission 
line in the building to plural terminal devices in the 
building and for transmitting an upward signal outputted 
from each terminal device to the external bi-directional 
CATV syste m via the lead-in wire. 

BACKGROUND OF THE INVENTION 

In such an in-building CATV system, noises 
generated in various parts in the building flows into the 
transmission line via a terminal and the like at the 
subscriber side. A component of the noises with the same 
frequency as that of the upward signal is outputted to the 
external bi-directional CATV system together with the 
upward signal as a confluent noise. 

Heretofore, in order to attenuate the confluent 
noise flowing out to the external bi-directional CATV 
system, the upward signal generated in the subscriber 



terminal device such as a cable modem (a signal in the 
frequency band (for example, 5 MHz-42 MHz) 
transmittable in the bi-directional CATV system) was 
frequency-converted to an upward signal (referred to as an 
in-building upward signal hereinafter) in a UHF band (for 
example, 913 MHz-950 MHz) which was higher than the 
original frequency and which did not overlap a 
transmission frequency of a downward signal (for example, 
54 MHz-890 MHz). The in-building upward signal was 
transmitted toward the lead-in wire and was converted to 
an upward signal for outputting to the bi-directional 
CATV system (that is, an upward signal with a frequency 
of the upward signal in the bi-directional CATV system) 
using a down-converter, just before the upward signal was 
outputted to the lead-in wire from the transmission line in 
the building. 

And in such an in-building CATV system, in order 
that the down-converter can correctly restore the original 
upward signal before frequency-converted (that is, the 
original upward signal outputted from the terminal 
device) from the in-building upward signal, the up- 
converter and the down-converter are constituted such 
that the upward signal and the in-building upward signal 
are frequency-converted using the high frequency signals 
with the same frequency by the up-converter and the 
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down-converter, respectively. 

However, according to experiments carried out by 
the present inventors, it was proved that the original 
upward signal can not be occasionally restored correctly at 
5 the down-converter in a large scale in-building CATV 
system with many up-converters, when such an in- 
building CATV system is actually constituted. Moreover, 
various experiments were carried out by the present 
inventors to solve the problem and the following facts 

10 were proved: 

Firstly, when an upward signal of 5 MHz-42 MHz is 
to be frequency-converted to an in-building upward signal 
of 913 MHz-950 MHz by the up-converter, in order to 
frequency-convert the in-building upward signal to the 

15 upward signal in the original frequency band (5 MHz-42 
MHz), the frequency of the high frequency signal used for 
frequency-converting each signal by the up-converter and 
the down-converter may be set to 908 MHz or 955 MHz. 

However, when the frequency of the high frequency 

20 signal for frequency-conversion is set to such a value, the 
high frequency signal for frequency-conversion leaks out 
to the transmission line in the in-building CATV system 
from the up-converter together with the frequency- 
converted in-building upward signal. This is because the 

25 difference of frequency between the high frequency signal 
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for frequency-conversion and the in-building upward 
signal is extremely small (in the above example, the 
difference is 5 MHz) so that the high frequency signal for 
frequency-conversion can not be removed well even when a 
5 filter circuit (a band path filter and the like) for 
selectively passing the in-building upward signal is 
provided on the in-building upward signal path in the up- 
converter. 

Since an up-converter is provided for each 
10 terminal device which outputs the upward signal in the 
in-building CATV system, the amount of the high 
frequency signals leaking out from the up-converter to the 
transmission line increases as the number of the 
subscribers having such terminal devices increases (that 
15 is, as the scale of the in-building CATV system becomes 
large). 

On the other hand, since each up-converter 
executes data communication with a communication device 
provided in the center equipment of the external bi- 
20 directional CATV system in a manner of time sharing, the 
plural up-converters do not output the in-building upward 
signals at the same time. 

As a result, the high frequency signal leaking out 
from each up-converter is gathered or overlapped on the 
25 transmission line to be inputted to the down-converter, 
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and the input level of the overlapped signals becomes high 
as the scale of the in-building CATV system becomes high. 
The input level occasionally exceeds the input level of the 
in-building upward signal. 
5 Moreover, the high frequency signal thus inputted 

to the down-converter via the transmission line contains a 
noise component (referred to as a phase noise hereinafter) 
ranging to the lower and higher frequency sides from the 
regular frequency (995 MHz) as the center, due to a phase 

10 difference which occurs when the high frequency signal 
leaking out from each up-converter is overlapped on the 
transmission line and a fine deviation in the frequency of 
the high frequency signal from each up-converter. 

Subsequently, as mentioned above, when the 

15 overlapped signal of the high frequency signal leaking out 
from each up-converter is inputted to the down-converter 
together with the in-building upward signal, the 
overlapped signal as well as the in-building upward signal 
is inputted to a circuit (usually, a mixer) for frequency- 

20 conversion. 

Then, since the frequency of the overlapped signal 
(specifically, central frequency) is the same as that of the 
high frequency signal for frequency-conversion generated 
in the down-converter and its signal level is high, the 

25 overlapped signal leaks out to a signal path of the high 
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frequency signal for frequency-conversion in the down- 
converter and the high frequency signal containing the 
above-mentioned phase noise is inputted to a frequency- 
conversion circuit as the high frequency signal for 
5 frequency-conversion. 

As a result, the in-building upward signal is 
frequency-converted using the high frequency signal with 
low purity formed by superimposing the phase noise to the 
regular high frequency signal. The frequency-converted 
10 upward signal contains the phase noise ranging to the 
lower and higher frequency sides and the upward signal is 
occasionally buried in the peripheral phase noise 
especially in the large scale CATV system. 

15 SUMMARY OF THE INVENTION 

The present invention is presented to solve such 
problems. The object of the invention is that the upward 
signal for being outputted to the external bi-directional 
CATV system can be correctly restored by the down- 

20 converter without being influenced by the high frequency 
signal for frequency-conversion leaking out from the up- 
converter at the terminal side in the in-building CATV 
system in which the upward signal is frequency-converted 
to the in-building upward signal with a high frequency 

25 using the up-converter at the terminal side and the in- 
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building upward signal is frequency-converted to the 
upward signal for being outputted to the external bi- 
directional CATV system using the down-converter at the 
lead-in wire side connected to the external bi-directional 
5 CATV system. 

In order to achieve the object and others, in the 
in-building CATV system of the present invention, like the 
above-mentioned conventional in-building CATV system, 
the downward signal inputted from the external bi- 

10 directional CATV system via the lead-in wire is 
transmitted to plural terminals via transmission lines in 
the building, the in-building upward signal generated in 
the up-converter by frequency-converting the upward 
signal outputted from the terminal device at the 

15 subscriber side and inputted to each terminal via the up- 
converter is transmitted to the lead-in wire via the 
transmission line, the in-building upward signal is 
frequency-converted to an upward signal with a frequency 
lower than that of the downward signal for outputting to 

20 the bi-directional CATV system using the down-converter 
provided between the transmission line and the lead-in 
wire, and the upward signal is transmitted. 

And in the in-building CATV system of the present 
invention, in order that the down-converter can correctly 

25 frequency-convert the in-building upward signal to the 



upward signal for outputting to the bi-directional CATV 
system corresponding to the original upward signal 
outputted from the terminal device without being 
influenced by the high frequency signal for frequency- 
5 conversion leaking out from the up-converter, a noise 
removal means is provided on the transmission path of the 
in-building upward signal from the up-converter to the 
down-converter. The noise removal means removes the 
high frequency signal with a specific frequency used in the 

10 up-converter for frequency-converting the upward signal 
to the in-building upward signal. 

As a result, according to the in-building CATV 
system of the present invention, the phase noise generated 
when the high frequency signal for frequency-conversion 

15 leaking out to the transmission line from each up- 
converter connected to each terminal is overlapped on the 
transmission line is prevented from being added to the 
upward signal frequency-converted by the down-converter 
and from being transmitted to the external bi-directional 

20 CATV system. The upward signal for outputting to the bi- 
directional CATV system can be correctly restored by the 
down-converter and transmitted to the external bi- 
directional CATV system without deteriorating the quality 
of the upward signal. 

25 Here, in the present invention, the upward signal 
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outputted from the terminal device and the in-building 
upward signal may be designed to be frequency-converted 
by the up-converter and the down-converter using the high 
frequency signals with different frequencies, respectively, 
5 but the upward signal outputted from the terminal device 
and the in-building upward signal may be designed to be 
frequency-converted in each converter using the high 
frequency signal with the same frequency. 

And when the high frequency signal with the same 

10 frequency is thus used in each converter, the upward 
signal restored by the down-converter can be a signal with 
the same frequency as that of the original upward signal 
outputted from the terminal device and the upward signal 
can be outputted to the bi-directional CATV system. 

15 Moreover, the above-mentioned noise removal 

means may be constituted from a trap circuit and the trap 
circuit may be provided at least on one of the transmission 
line from the down-converter to each terminal, the in- 
building upward signal path in a transmission device 

20 provided on the transmission line, an output path of the 
in-building upward signal in the up-converter and an 
input path of the in-building upward signal in the down- 
converter. 

And when the trap circuit is provided separately as 
25 a device independent from the other transmission devices 
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on the transmission line in the in-building CATV system, 
the number of the transmission devices is increased. 
Therefore, the trap circuit may be provided in one of the 
various devices provided on the transmission line from the 
down-converter to each terminal such as an amplifier, a 
directional coupler, a splitter and the like, or provided in 
the up-converter or the down-converter. 

Specifically, since a separate device as the trap 
circuit in extra is not necessary to be connected on the 
transmission line when the trap circuit is provided in the 
transmission device, in the up-converter or in the down- 
converter, the construction cost of the in-building CATV 
system of the present invention can be lowered. 

The trap circuit is for removing the high frequency 
signal for frequency-conversion leaking out from the up- 
converter at the terminal side and can be constituted 
using a so-called resonance circuit. When it is difficult for 
one trap circuit to perfectly remove the high frequency 
signal, the trap circuits may be provided on plural 
positions on the transmission line of the in-building CATV 
system. For this purpose, trap circuits may be provided in 
the plural devices (the transmission device such as the 
amplifier, the up-converter, the down-converter and the 
like) constituting the in-building CATV system. 

Since a filter circuit (a band path filter or the like) 
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for cutting off the downward signal and for passing only 
the in-building upward signal is provided on the 
transmission path of the in-building upward signal in each 
of the transmission device, the up-converter and the 
down-converter, when the trap circuit is provided in either 
of these devices, the trap circuit is influenced by the filter 
circuit and the characteristic of the change of the 
attenuation near the frequency of the high frequency 
signal removed by the trap circuit is changed depending on 
whether an inductive reactance or a capacitive reactance 
is used when connecting the resonance circuit constituting 
the trap circuit to the transmission path of the in-building 
upward signal. 

More specifically, when a parallel resonance 
circuit is connected to the transmission path of the in- 
building upward signal using the inductive reactance, a 
signal component corresponding to its series resonance 
frequency is attenuated by the series resonance of the 
capacitive component of the parallel resonance circuit and 
the inductive reactance. When such a trap circuit is 
provided on the transmission path of the in-building 
upward signal together with the filter circuit for passing 
the in-building upward signal consisting of a band path 
filter or the like, the frequency characteristic becomes 
such that the attenuation rapidly increases in the lower 
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frequency side than the series resonance frequency as the 
center but does not change rapidly in the higher frequency 
side. 

Conversely, when the parallel resonance circuit is 
5 connected to the transmission path of the in-building 
upward signal using the capacitive reactance, a signal 
component corresponding to its series resonance frequency 
is attenuated by the series resonance of the inductive 
component of the parallel resonance circuit and the 

10 capacitive reactance. When such a trap circuit is provided 
on the transmission path of the in-building upward signal 
together with the filter circuit for passing the in-building 
upward signal consisting of a band path filter or the like, 
the frequency characteristic becomes such that the 

15 attenuation rapidly increases in the higher frequency side 
than the series resonance frequency as the center but does 
not change rapidly in the lower frequency side. 

Therefore, in the in-building CATV system, it is 
more preferable that the trap circuit is constituted such 

20 that the resonance circuit is connected to the transmission 
path of the in-building upward signal via the inductive 
reactance when the frequency of the high frequency signal 
for frequency-conversion is set to a higher frequency than 
that of the in-building upward signal and the trap circuit 

25 is provided in the transmission device, in the up-converter 



13 



or in the down-converter. To the contrary, when the 
frequency of the high frequency signal for frequency- 
conversion is set to a lower frequency than that of the in- 
building up-ward signal and the trap circuit is provided in 
5 the transmission device, in the up-converter or in the 
down-converter, it is preferable that the trap circuit is 
constituted such that the resonance circuit is connected to 
the transmission path of the in-building upward signal via 
the capacitive reactance. 

10 By doing so, the attenuation of the signal 

occurring in the trap circuit can be decreased rapidly in 
the vicinity of the frequency of the in-building upward 
signal comparing with the attenuation of the signal in the 
frequency of the high frequency signal for frequency- 

15 conversion and the loss occurring when the in-building 
upward signal is passed through the trap circuit can be 
kept minimum. 

On the other hand, even if the trap circuit is 
constituted in such a way, the frequency characteristic of 

20 the in-building upward signal could occasionally be 
influenced when the in-building upward signal is passed 
through the trap circuit, depending on the difference of 
the frequency between the in-building upward signal and 
the high frequency signal for frequency-conversion and 

25 the resonance characteristic "Q" of the trap circuit. 
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In brief, for example, as mentioned above, in the 
system in which the upward signal with the frequency of 5 
MHz-42 MHz is frequency-converted to the in-building 
upward signal with the frequency of 913 MHz-950 MHz by 
5 the up-converter, a signal with a frequency of 955 MHz is 
used as the high frequency signal for frequency-conversion 
and a signal with a frequency of 908 MHz can be used for 
the frequency-conversion other than the signal. 

Therefore, in such a system, a resonance circuit 

10 with extremely high "Q" which passes the signal 
component not higher than 950 MHz (or not lower than 
913) without loss and fully attenuates (for example, 
higher than several tens of dB) the high frequency signal 
of 955 MHz (or 908 MHz) should be used as the trap circuit 

15 for removing the high frequency signal. 

However, in order to heighten the "Q" of the trap 
circuit, the resonance element used for the trap circuit 
should be of a high "Q" value and so there occurs a problem 
that the trap circuit becomes big and expensive. 

20 To the contrary, when the trap circuit is 

constituted from a usual small-sizeable coil or capacitor to 
make the cost cheap, the "Q" of the trap circuit becomes 
low and the so-called sharpness of the frequency is 
aggravated. As a result, a problem occurs that the in- 

25 building upward signal has been attenuated near the 
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frequency of the high frequency signal for frequency- 
conversion in the frequency band of the in-building 
upward signal (that is, in the higher and lower frequency 
sides of the transmission frequency band of the in- 
5 building upward signal). 

And if such transmission loss occurs in the 
frequency band of the in-building upward signal when the 
in-building upward signal is passed through the trap 
circuit, the signal level of the frequency-converted upward 

10 signal becomes low in the high frequency or in the low 
frequency side due to the transmission loss occurring in 
the trap circuit and the upward signal with normal 
characteristic fails to be transmitted to the external bi- 
directional CATV system, even when the in-building 

15 upward signal can be frequency-converted to the upward 
signal for being outputted to the bi-directional CATV 
system without being influenced by the high frequency 
signal for frequency-conversion. 

Then, in order that a cheaply available, usual trap 

20 circuit with relatively low "Q" can be used as the trap 
circuit, an equalizer for compensating the transmission 
loss in the frequency band of the in-building upward 
signal occurring when the in-building upward signal is 
passed through the trap circuit may be provided on the 

25 transmission path of the upward signal or of the in- 
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building upward signal from the up-converter to the 
down-converter. 

Specifically, by such a constitution, the 
transmission loss occurring when the in-building upward 
5 signal is passed through the trap circuit is compensated 
by the equalizer and the upward signal for being outputted 
to the bi-directional CATV system corresponding to the 
original upward signal outputted from the terminal device 
can be transmitted to the external bi-directional CATV 

10 system in the desired level in the whole frequency band. 

Here, the equalizer is for compensating the 
transmission loss in the frequency band of the higher or 
lower frequency side of the in-building upward signal 
occurring when the in-building upward signal is passed 

15 through the trap circuit and for preventing the signal 
level of the upward signal transmitted to the external 
CATV system from becoming low in the high or low 
frequency side of the upward signal. Therefore the 
equalizer may be provided on the transmission path of the 

20 in-building upward signal on which the trap circuit is 
provided (in more detail, on the transmission line from the 
down-converter to each terminal, on the in-building 
upward signal path in the transmission device provided on 
the transmission line, on the output path of the in- 

25 building upward signal in the up-converter or on the input 
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path of the in-building upward signal in the down- 
converter) or on the transmission path of the upward 
signal (on the input path of the upward signal in the up- 
converter, on the output path of the upward signal in the 
5 down-converter or the like). 

Since the signal processing circuit such as the 
equalizer can be more easily designed as the frequency of 
the signal to be compensated is low and the setting 
position of the equalizer may be either on the 

10 transmission path of the in-building upward signal or the 
transmission path of the upward signal, the equalizer may 
be more preferably provided on the transmission path of 
the upward signal whose frequency is lower than that of 
the in-building upward signal (that is, on the input path of 

15 the upward signal in the up-converter or on the output 
path of the upward signal in the down-converter). 

The equalizer, like the trap circuit, may also be 
provided in the up-converter, in the down-converter or in 
any of the various transmission devices provided on the 

20 transmission line such as the amplifier, the directional 
coupler, the splitter and the like. Moreover, when one 
equalizer can not compensate the transmission loss in the 
frequency band of the in-building upward signal occurring 
when the in-building upward signal is passed through the 

25 trap circuit, plural equalizers may be provided on the 
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transmission path of the in-building upward signal or the 
upward signal in the in-building CATV system. 

Subsequently, the down-converter in the in- 
building CATV system of the present invention transmits 
5 the downward signal inputted from the external bi- 
directional CATV system via the lead-in wire to the 
transmission line at the terminal side via a downward 
signal path of the down-converter. The down-converter 
frequency-converts the in-building upward signal to the 

10 upward signal for outputting to the bi-directional CATV 
system by mixing the in-building upward signal 
transmitted from the up-converter via the transmission 
line with the high frequency signal generated by a high 
frequency signal generating means of the down-converter 

15 using a frequency-conversion means of the down-converter 
and transmits the frequency-converted upward signal to 
the lead-in wire ( that is, to the external bi-directional 
CATV system). 

And in the down-converter of the present invention, 

20 a trap circuit for removing the high frequency signal used 
by the up-converter at the terminal side for frequency- 
conversion may be provided on the input path of the in- 
building upward signal to the frequency-conversion means 
of the down-converter. 

25 When the down-converter is constituted in such a 
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way, the high frequency signal inputted to the frequency- 
conversion means of the down-converter (specifically, the 
high frequency signal containing the phase noise, as 
mentioned above) is attenuated and the original upward 
5 signal for being outputted to the bi-directional CATV 
system can be restored correctly from the in-building 
upward signal using the frequency-conversion means of 
the down-converter, even if the high frequency signal for 
frequency-conversion leaking out from each of the plural 
10 up-converters at the terminal sides is overlapped on the 
transmission line and the overlapped high frequency 
signal is inputted to the down-converter from the 
transmission line together with the in-building upward 
signal. 

15 Moreover, in the down-converter of the present 

invention, an equalizer for compensating the transmission 
loss in the frequency band of passing signal occurring 
when the in-building upward signal is passed through the 
trap circuit may be provided at least on one side of the 

20 input path of the in-building upward signal to the 
frequency-conversion means of the down-converter and of 
the output path of the upward signal from the frequency- 
conversion means of the down-converter. 

When the down-converter is constituted in such a 

25 way, in the in-building CATV system in which the trap 
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circuit for removing the high frequency signal for 
frequency-conversion leaking out from each up-converter 
at the terminal side is provided, the upward signal for 
being outputted to the bi-directional CATV system can be 
5 transmitted to the external bi-directional CATV system in 
the normal level in the whole frequency band, even if the 
signal level of the in-building upward signal in the 
frequency side near the high frequency signal for 
frequency-conversion is lowered due to the transmission 

10 loss in the trap circuit occurring when the in-building 
upward signal is passed through the trap circuit. 

Subsequently, the up-converter in the in-building 
CATV system of the present invention transmits the 
downward signal which is sent to the terminal from the 

15 external bi-directional CATV system via the down- 
converter and the transmission line, to the terminal 
device via a downward signal path of the up-converter. 
The up-converter frequency-converts the upward signal 
outputted from the terminal device to the in-building 

20 upward signal by mixing the upward signal from the 
terminal device with the high frequency signal generated 
by a high frequency signal generating means of the up- 
converter using a frequency-conversion means of the up- 
converter and transmits the frequency-converted in- 

25 building upward signal to the terminal side (that is, to the 
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transmission line in the in-building CATV system). 

And in the up-converter of the present invention, a 
trap circuit for removing the high frequency signal 
generated by the high frequency signal generating means 
5 of the up-converter may be provided on the output path of 
the in-building upward signal from the frequency- 
conversion means of the up-converter. 

When the up-converter is constituted in such a way, 
the high frequency signal used for frequency-converting 

10 the upward signal outputted from the terminal device to 
the in-building upward signal can be prevented from 
leaking out to the transmission line in the in-building 
CATV system and the down-converter can be prevented 
from failing to correctly restore the upward signal for 

15 outputting to the bi-directional CATV system by being 
influenced by the leak-out high frequency signal. 

Also in the up-converter of the present invention, 
an equalizer for compensating the transmission loss 
occurring when the in-building upward signal is passed 

20 through the trap circuit may be provided at least on one 
side of the input path of the upward signal to the 
frequency-conversion means of the up-converter and the 
output path of the in-building upward signal from the 
frequency-conversion means of the up-converter. 

25 When the up-converter is constituted in such a way, 



in the in-building CATV system in which the trap circuit 
for removing the high frequency signal for frequency- 
conversion leaking out from each up-converter at the 
terminal side to the transmission path of the in-building 
5 upward signal is provided, the upward signal for being 
outputted to the bi-directional CATV system can be 
transmitted to the external bi-directional CATV system 
from the down-converter in the normal level in the whole 
frequency band, even if the signal level of the in-building 

10 upward signal in the frequency side near the high 
frequency signal for frequency-conversion is lowered due 
to the transmission loss in the trap circuit occurring when 
the in-building upward signal outputted from the up- 
converter is passed through the trap circuit. 

15 The high frequency signal generating means of the 

down-converter constituting the above-mentioned down- 
converter and the high frequency signal generating means 
of the up-converter constituting the above-mentioned up- 
converter may be constituted to generate either the high 

20 frequency signals with different frequencies or the high 
frequency signals with the same frequency. And when both 
the high frequency signal generating means are thus 
constituted to generate the high frequency signal with the 
same frequency, the original upward signal outputted by 

25 the terminal device can be restored by the down-converter. 
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In order that the high frequency signal generating 
means of the down-converter and of the up-converter can 
generate the high frequency signals with the same 
frequency, the high frequency signal generating means of 
5 each converter may be constituted from an oscillator (for 
example, a quartz oscillator) with small frequency 
deviation for generating the reference signal, a local 
oscillation circuit of frequency-variable type for 
generating the high frequency signal for frequency- 

10 conversion and a control circuit (for example, a PLL 
circuit) for controlling the oscillation frequency of the 
local oscillation circuit using the reference signal 
generated by the oscillator. The oscillator provided in each 
converter for generating the reference signal is preferably 

15 made to be the same constitution in this case. 
Alternatively, the high frequency signal generating means 
of each converter is constituted from a reference signal 
extracting circuit (for example, a band path filter) for 
extracting as a reference signal a signal with a constant 

20 frequency contained in the downward signal such as a 
pilot signal used for adjusting the downward signal level 
in the bi-directional CATV system, a local oscillation 
circuit of frequency-variable type for generating the high 
frequency signal for frequency-conversion and a control 

25 circuit (for example, a PLL circuit) for controlling the 
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oscillation frequency of the local oscillation circuit using 
the reference signal extracted by the reference signal 
extracting circuit. 

According to the above-mentioned constitution, 
5 there is a problem that an expensive oscillator such as the 
quartz oscillator should be provided in each converter as 
an oscillator for generating the reference signal, with the 
cost of each converter becoming high, or the frequency of 
the high frequency signal used for frequency-conversion in 

10 each converter can not be made to coincide with each other 
when the specific signal like a pilot signal is not 
transmitted from the external bi-directional CATV system. 
Therefore, the oscillator for generating the reference 
signal may be provided in the down-converter or on the 

15 transmission line in the in-building CATV system and the 
oscillation frequency of the local oscillation circuit in each 
converter may be controlled using the reference signal 
generated by the oscillator, by transmitting the reference 
signal to the transmission line from the oscillator. 

20 Subsequently, the amplifier provided on the 

transmission line from the down-converter to the terminal 
at the subscriber side as one of the transmission devices in 
the in-building CATV system of the present invention 
transmits the downward signal transmitted from the 

25 down-converter to the transmission line at the terminal 
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side via a downward signal path of the amplifier and 
transmits the in-building upward signal transmitted from 
the up-converter via the transmission line at the terminal 
side to the transmission line at the down-converter side 
5 via an in-building upward signal path. And at least on one 
of the downward signal path of the amplifier and the in- 
building upward signal path, a signal amplification means 
for amplifying the downward signal or the upward signal 
flowing through the path is provided. 

10 And a trap circuit for removing the high frequency 

signal for frequency-conversion leaking out from the up- 
converter at the terminal side may be provided further on 
the in-building upward signal path in the amplifier of the 
present invention. 

15 When the amplifier is constituted in such a way, at 

least one of the downward signal and the in-building 
upward signal can not only be amplified to a 
predetermined value on the transmission line in the in- 
building CATV system but also the high frequency signal 

20 for frequency-conversion leaking out from each up- 
converter at the terminal side can be attenuated. Then, 
the upward signal for being outputted to the bi-directional 
CATV system is normally restored from the in-building 
upward signal. 

25 Also, an equalizer for compensating the 
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transmission loss in the frequency band of the in-building 
upward signal occurring when the in-building upward 
signal is passed through the trap circuit may be provided 
on the in-building upward signal path in the amplifier of 
5 the present invention. 

When the amplifier is constituted in such a way, at 
least one of downward signal and the in-building upward 
signal can not only be amplified to a predetermined value 
on the transmission line of the in-building CATV system 

10 but also the upward signal for being outputted to the bi- 
directional CATV system can be transmitted to the 
external bi-directional CATV system from the down- 
converter in the normal level in the whole frequency band, 
even if the signal level of the in-building upward signal in 

15 the frequency side near the high frequency signal for 
frequency-conversion is lowered due to the transmission 
loss occurring when the in-building upward signal is 
passed through the trap circuit. 

Moreover, the up-converter in the in-building 

20 ' CATV system of the present invention may comprise a 
downward signal path for transmitting the downward 
signal inputted from the lead-in wire to the terminal 
device side, an upward signal path for transmitting the 
upward signal outputted from the terminal device to the 

25 lead-in wire side, a high frequency signal generating 
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means for generating the high frequency signal for 
frequency-converting the upward signal from the terminal 
device to the in-building upward signal in a predetermined 
frequency band, a frequency-conversion means for 
5 frequency-converting the upward signal to the in-building 
upward signal by mixing the upward signal transmitted 
from the terminal device side on the upward signal path 
and the high frequency signal generated by the high 
frequency signal generating means and for transmitting 

10 the in-building upward signal to the lead-in wire side on 
the upward signal path and a high frequency signal 
removal means for mixing a leak-out high frequency signal 
leaking out and transmitted to the lead-in wire side on the 
upward signal path together with the in-building upward 

15 signal when the frequency-conversion means frequency- 
converts the upward signal with a phase-inverted high 
frequency signal whose phase is inverted against the high 
frequency signal generated by the high frequency signal 
generating means and for removing the leak-out high 

20 frequency signal from the upward signal path by offsetting 
the leak-out high frequency signal by the phase-inverted 
high frequency signal. 

When the up-converter is constituted in such a way, 
since the high frequency signal leaking out to the upward 

25 signal path is removed and prevented from being inputted 



to the down-converter, the down-converter can correctly 
frequency-convert the in-building upward signal to the 
upward signal for being outputted to the bi-directional 
CATV system without being influenced by the high 
5 frequency signal for frequency-conversion leaking out to 
the upward signal path. 

Therefore, when such an up-converter is used, 
there can be constituted an in-building CATV system in 
which the upward signal outputted from the subscriber 
10 terminal device is transmitted to the external bi- 
directional CATV system without aggravation of its 
quality. 

In the up-converter of the present invention, the 
high frequency signal removal means may be constituted 

15 to generate the phase-inverted high frequency signal 
independently of the high frequency signal generating 
means (oscillator) for generating the high frequency 
signal for frequency-conversion. However, in such a case, a 
further oscillator has to be provided in the up-converter of 

20 the CATV system in addition to the high frequency signal 
generating means, thereby the number of parts being 
unpreferably increased. 

Then, the high frequency signal removal means 
may comprise a high frequency signal branch means for 

25 branching the high frequency signal generated by the high 
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frequency signal generating means and transmitted to the 
frequency-conversion means, and a phase-inverted high 
frequency signal mixing means for mixing the phase- 
inverted high frequency signal made by inverting the 
5 phase of the high frequency signal branched by the high 
frequency signal branch means with the high frequency 
signal transmitted via the upward signal path. 

When the up-converter is constituted in such a way, 
the high frequency signal is removed by mixing the 

10 phase-inverted high frequency signal made by inverting 
the phase of the high frequency signal branched by the 
high frequency signal branch means with the high 
frequency signal transmitted via the upward signal path. 
And if the phase-inverted high frequency signal is thus 

15 made from the high frequency signal ' for frequency- 
conversion generated by the high frequency signal 
generating means, there is no need to provide additionally 
a means for generating the phase-inverted high frequency 
signal, that is, there is no need to increase the parts. 

20 Furthermore, the high frequency signal removal 

means may comprise a level adjusting means for adjusting 
the level of the phase-inverted high frequency signal so 
that the level of the phase-inverted high frequency signal 
and that of the high frequency signal transmitted via the 

25 upward signal path becomes nearly the same. 
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When the up-converter is constituted in such a way, 
the high frequency signal transmitted via the upward 
signal path can be removed more surely, if the level of the 
phase-inverted high frequency signal is adjusted by the 
5 level adjusting means to make the levels of the high 
frequency signal and the phase-inverted high frequency 
signal nearly the same based on transmission loss of the 
upward signal path, temperature characteristic of the 
frequency-conversion means and the like. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Hereinafter, various embodiment embodying the 
present invention will be described referring to the 
following drawings, in which: 
15 Fig. 1 is a schematic diagram showing the 

constitution of an in-building CATV system of a first 
embodiment of the present invention; 

Fig. 2A is a block diagram showing a constitution 
of a down-converter of the first embodiment provided with 
20 a trap circuit; 

Fig. 2B is a block diagram showing the 
constitution of an up-converter of the first embodiment 
provided with a trap circuit; 

Fig. 3A is an explanatory diagram showing the 
25 constitution of a trap circuit; Fig. 3B is an explanatory 
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chart showing its frequency characteristic; 

Fig. 4A is an explanatory diagram showing the 
constitution of an equalizer; Fig. 4B is an explanatory 
chart showing its frequency characteristic; 
5 Fig. 5 is an explanatory chart showing the action 

of the trap circuit and the equalizer; 

Fig. 6 is a block diagram showing the constitution 
of a bi-directional amplifier of a modified example of the 
first embodiment provided with a trap circuit; 
10 Fig. 7 is an explanatory diagram showing the 

constitution of a trap circuit (M coupling); 

Fig. 8A is an explanatory diagram showing the 
constitution of a trap circuit (C coupling); Fig. 8B is an 
explanatory chart showing its frequency characteristic; 
15 Fig. 9 is a block diagram showing the whole 

constitution of an in-building CATV system of the second 
embodiment; 

Fig. 10 is a block diagram showing the constitution 
of an up-converter of the second embodiment; 
20 Fig. 11 is a block diagram showing the constitution 

of a down-converter of the second embodiment, and 

Figs. 12A and 12B are explanatory diagrams 
showing the effect obtained when a local signal removal 
circuit is provided to the up-converter of the second 
25 embodiment, thereby Fig. 12A showing an output signal in 



32 



a state without the local signal removal circuit and Fig. 
12B showing an output signal in a state with the local 
signal removal circuit. 

5 DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 
[ The First Embodiment ] 

As shown in Fig. 1, in a in-building CATV system of 
the present embodiment, a lead-in wire 6 branched from a 

10 transmission line 2 (CATV transmission line) of an 
external bi-directional CATV system via a tap device 4 is 
lead in a building via a protector 8. A downward signal 
(frequency : 54 MHz-890 MHz) of the bi-directional CATV 
system inputted from the lead-in wire 6 is transmitted to 

15 plural terminals 18 comprising serial units and the like 
provided in the subscriber's houses in the building via a 
transmission line L made of a coaxial cable in the building, 
a bi-directional amplifier 12, a directional coupler 14, a 
splitter 16 and the like. Additionally an in-building 

20 upward signal inputted to the terminal 18 from each of 
various subscriber terminal devices via an up-converter 20 
described hereinafter is transmitted to the lead-in wire 6. 

And in the in-building CATV system of the present 
invention, when the subscriber enjoys the Internet via a 

25 center equipment of the external bi-directional CATV 
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system or sends data for reserving a pay program of the TV 
or for TV-shopping and the like to the center equipment, 
an information terminal device 24 such as a personal 
computer for data communication is connected to the 
5 terminal 18 via the up-converter 20 and a cable modem 22. 

As a result, a transmission data for data 
communication outputted from the information terminal 
device 24 is frequency-converted to an upward signal in a 
predetermined frequency band (in the present embodiment, 

10 5 MHz-42 MHz) transmittable in the external bi- 
directional CATV system by the cable modem 22, and the 
upward signal is further frequency-converted to an in- 
building upward signal in a predetermined frequency band 
(in the present embodiment, 913 MHz-950 MHz) by the 

15 up-converter 20 to be inputted to the terminal 18. 

Therefore, a down-converter 10 for frequency- 
converting the in-building upward signal transmitted from 
each terminal 18 via the transmission line L to the upward 
signal (in the present embodiment, the upward signal in 

20 the same frequency band as that of the original upward 
signal) transmittable in the external bi-directional CATV 
system is provided at a connecting part of the 
transmission line L of the in-building CATV system and 
the lead-in wire 6 from the external bi-directional CATV 

25 system. 
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In Fig. 1, numeral 26 denotes a television receiver 
which is connected to the terminal 18 that is not connected 
to the up-converter 20 and which receives the downward 
signal from the external bi-directional CATV system via 
5 the transmission line L to demodulate/reproduce a 
television broadcasting of a desired channel. 

Subsequently, the constitutions of the down- 
converter 10 and the up-converter 20 used in the in- 
building CATV system of the present embodiment will be 
10 described referring to Figs.2A and 2B. 
[ Down-converter ] 

As shown in Fig. 2A, the down-converter 10 is 
provided with an external connection terminal Tl for 
connecting the lead-in wire 6 from the external bi- 
15 directional CATV system and an internal connection 
terminal T2 for connecting the transmission line L in the 
building. 

The downward signal inputted to the external 
connection terminal Tl is taken into the down-converter 

20 10 via a high path filter (referred to as an HPF, 
hereinafter) 31 and transmitted to the transmission line L 
at the terminal side via a mixing circuit 32 , a low path 
filter (referred to as an LPF, hereinafter) 33 and the 
internal connection terminal T2. 

25 Here, the HPF 31 passes the downward signal and 
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cuts off the frequency-converted upward signal. The cutoff 
frequency is set, for example, to 54 MHz. The LPF 33 
passes the downward signal and cuts off the in-building 
upward signal inputted to the internal connection 
5 terminal T2 via the transmission line L. The cutoff 
frequency is set, for example, to 890 MHz. Therefore, in 
the down-converter 10 of the present embodiment, a 
downward signal path of the down-converter is formed by 
the HPF 31 and the LPF 33. 

10 Moreover, the mixing circuit 32 provided on the 

downward signal path between the HPF 31 and the LPF 33 
transmits a reference signal described hereinafter as well 
as the downward signal to the transmission line L at the 
terminal side by mixing the reference signal with the 

15 downward signal passed through this path and is 
comprised of a so-called directional coupler. 

Subsequently, the in-building upward signal from 
the terminal side inputted to the internal connection 
terminal T2 is taken into the up-converter 20 via an HPF 

20 34. The HPF 34 prevents the downward signal outputted 
by the LPF 33 from entering and selectively takes in only 
the in-building upward signal. Its cutoff frequency is set, 
for example, to 913 MHz. 

And the in-building upward signal taken into the 

25 down-converter 10 is inputted to the amplification circuit 



36 



37 via an attenuator (referred to as an ATT, hereinafter) 
35 and a band path filter (referred to as a BPF) 36. The 
BPF 36 selectively passes the in-building upward signal 
and the signal pass band is set to the transmission 
5 frequency band of the in-building upward signal (913 
MHz-950 MHz). 

The in-building upward signal inputted to the 
amplification circuit 37 is inputted to a mixer 38 as a 
frequency-conversion means of the down-converter after 

10 having been amplified to a predetermined level at the 
amplification circuit 37. And the mixer 38 frequency- 
converts the in-building upward signal to the original 
upward signal before frequency-converted by the up- 
converter 20 by mixing the in-building upward signal with 

15 the high frequency signal from a local oscillation circuit 
40 of a frequency variable type controlled by a PLL circuit 
39 so that the oscillation frequency is controlled to be a 
constant value ( 955 MHz in the present embodiment). 

Here, the PLL circuit 39 takes in the high 

20 frequency signal outputted from the local oscillation 
circuit 40 and the reference signal after frequency- 
dividing each of the signals and controls the frequency of 
the high frequency signal for frequency-conversion in the 
down-converter 10 to be a constant frequency 

25 corresponding to the reference signal, by controlling the 
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oscillation frequency of the local oscillation circuit 40 in 
such a way that the phase difference between the 
frequency-divided signals becomes zero. In the present 
embodiment, the reference signal used for controlling the 
5 oscillation frequency of the local oscillation circuit 40 by 
the PLL circuit 39 is contrived to be generated by a 
reference oscillation circuit 41 in the down-converter 10. 
Therefore, in the present embodiment, the PLL circuit 39, 
the local oscillation circuit 40 and the reference 

10 oscillation circuit 41 function as a high frequency signal 
generating means of the down-converter. 

Moreover, the oscillation frequency of the 
reference oscillation circuit 41 is set to a frequency lower 
than that of the downward signal. The reference signal 

15 with a frequency lower than that of the downward signal is 
inputted not only to the PLL circuit 39 as mentioned above, 
but also to the above-mentioned mixing circuit 32 via a 
BPF 42 for selectively passing the reference signal. As a 
result, the reference signal is transmitted to the 

20 transmission line L via the LPF 33 and the internal 
connection terminal T2, after mixed with the downward 
signal in the mixing circuit 32 as mentioned above. 

The purpose of thus sending the reference signal to 
the transmission line L from the internal connection 

25 terminal T2 is that it becomes possible that the high 
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frequency signal for frequency-conversion is generated in 
each up-converter 20 using the same reference signal as 
that of the down-converter 10 by transmitting the 
reference signal to each up-converter 20 at the terminal 
5 side. Specifically, in the present embodiment, by 
transmitting the reference signal to each up-converter 20 
at the terminal side from the down-converter 10, the 
frequency of the high frequency signal used for 
frequency-conversion by each up-converter 20 is made to 

10 coincide with that of the high frequency signal used for 
frequency-conversion by down-converter 10. 

Subsequently, the upward signal frequenc- 
converted by the mixer 38 is inputted to an amplification 
circuit 44 for amplifying the upward signal via a BPF 43 

15 whose signal pass band is set to the transmission 
frequency (5 MHz-42 MHz) of the upward signal to pass 
the upward signal selectively. The upward signal is sent to 
the lead-in wire 6 via an ATT 45 for adjusting the signal 
level, an LPF 46 and the external connection terminal Tl, 

20 after having been amplified to a predetermined level by 
the amplification circuit 44. The LPF 46 is for cutting off 
the downward signal inputted to the external connection 
terminal Tl and for passing only the frequency-converted 
upward signal. Its cutoff frequency is set, for example, to 

25 42 MHz. 
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Subsequently, in the down-converter 10 of the 
present embodiment, a trap circuit (referred to as a TRP, 
hereinafter) 71 for removing the high frequency signal for 
frequency-conversion in the up-converter 20 leaking out 
5 from each up-converter 20 at the terminal side and 
transmitted to the down-converter 10 via the transmission 
line L, is provided on the input path of the in-building 
upward signal from the internal connection terminal T2 to 
the mixer 38 (specifically, the path between the ATT 35 

10 and the BPF 36). 

As shown in Fig. 3A, the TRP 71 consists of a 
parallel resonance circuit consisting of a parallel circuit of 
a coil LI and a capacitor CI, whose resonance frequency is 
set to a frequency lower than that of the high frequency 

15 signal for frequency-conversion, and a coil L2 
(corresponding to an inductive reactance) which connects 
one end of the parallel resonance circuit to the in-building 
upward signal path and grounds another end to a ground 
with the same voltage as that of an outer conductor of a 

20 co-axial cable constituting the transmission line L. 

And since the TRP 71 resonates in series in a 
frequency determined by the inductive reactance of the 
coil L2 and the capacity component of the parallel 
resonance circuit, the high frequency signal for 

25 frequency-conversion flowing through the in-building 
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upward signal path is made to be removed by making the 
frequency of the series resonance coincide with the 
frequency of the high frequency signal for frequency- 
conversion. 

5 As mentioned above, in the present embodiment, 

there is used as the TRP 71 a so-called trap circuit of an L 
coupling type in which the parallel resonance circuit 
consisting of the coil LI and the capacitor CI is connected 
to the in-building signal path via the coil L2. This is 

10 because in such a trap circuit of an L coupling type, as 
shown in Fig 3B of the frequency characteristic of the trap 
circuit, the drop of the attenuation degree becomes sharp 
in the frequency range lower than the frequency of the 
signal to be removed (in the figure, the resonance 

15 frequency at which the attenuation degree becomes a 
maximum) and so the influence to the in-building upward 
signal with the frequency lower than the resonance 
frequency can be decreased. 

Furthermore, in the down-converter 10 of the 

20 present embodiment, an equalizer (referred to as an EQ, 
hereinafter) 76 is provided on the output path of the 
upward signal from the mixer 38 to the external 
connection terminal Tl (in more detail, between the BPF 
43 and the amplification circuit 44). The EQ 76 is for 

25 compensating the transmission loss in the frequency band 
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of the in-building upward signal occurred when the in- 
building upward signal is passed through the TRP 71 and 
is constituted, for example, in a manner shown in Fig. 4A. 

Specifically, as shown in Fig. 4A, the EQ 76 
consists of a pair of resistors Ro with the same resistance 
value connected in series to the upward signal path, a 
resistor Rl connected in parallel with a series circuit of 
the two resistors Ro, a series resonance circuit consisting 
of a capacitor Cll and a coil Lll connected as well in 
parallel with the series circuit of the two resistors Ro, a 
resistor R2 of which one end is connected to a connecting 
point of the two resistors Ro and a parallel resonance 
circuit consisting of a capacitor C12 and a coil L12 
provided between the other end of the resistor R2 and a 
ground. 

The EQ 76 is of a known type in which the pair of 
the resistors Ro, the resistors Rl and R2 are made to 
function as an attenuation circuit with a constant 
attenuation degree by setting the resistance value of the 
pair of the resistors Ro to a value (for example, 75 Q) 
corresponding to the transmission impedance of the signal 
in the system and by setting the resistance values of the 
resistors Rl and R2 to appropriate values, and the 
capacities of the capacitors Cll and C12 and the 
inductances of the coils Lll and L12 are set to values such 
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that [ CO Lll = l/co C12 ] and [a>L12=l/co Cll]. 

Therefore, in the EQ 76, as shown in Fig, 4B, the 
impedance values of the series resonance circuit and the 
parallel resonance circuit becomes "0" and "a maximum", 
5 respectively, to a signal with a specific frequency and the 
signal can be passed without loss. To a signal with a 
frequency other than that of the above-mentioned signal, 
the impedance values of the series resonance circuit and 
the parallel resonance circuit becomes "a maximum" and 

10 "0", respectively, and the signal can be passed after having 
been attenuated by a constant attenuation degree 
determined by the attenuation characteristic of the 
attenuation circuit. 

In the present embodiment, the attenuation degree 

15 by the attenuation circuit is designed to be adjusted by 
using variable resistors as the resistors Rl and R2. 
Specifically, when the resistor Ro is set to 75 Q 
corresponding to the transmission impedance of the signal 
in the system, the EQ 76 of the present embodiment 

20 becomes an attenuation circuit with attenuation degree of 
6 dB if the resistance values of the resistors Rl and R2 are 
set, for example, to the same value 75 Q and it becomes an 
attenuation circuit with attenuation degree of 3 dB if 
R1 = 32.5Q and R2 = 150Q . However, since the EQ 76 is for 

25 compensating the transmission loss in the frequency band 
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of the in-building upward signal occurring when the in- 
huilding upward signal is passed through the TRP 71, the 
frequency characteristic of the EQ 76 is designed to be 
finely adjusted in response to the frequency characteristic 
5 of the TRP 71. 

Moreover, the frequency of the signal at which the 
impedance of the above-mentioned series resonance circuit 
becomes "0" is set to the frequency of frequency-converted 
signal corresponding to the maximum frequency of the in- 

10 building upward signal, 950 MHz (that is, the minimum 
frequency of the upward signal, 5MHz). 

Specifically, since the high frequency signal (a 
signal with a frequency of 955 MHz) for frequency- 
conversion transmitted from the terminal side together 

15 with the in-building upward signal can not be fully 
removed by providing only the BPF 36 on the in-building 
upward signal path in the down-converter 10 of the 
present embodiment, as shown by a solid line (BPF) in Fig. 
5, the TRP 71 for removing the high frequency signal is 

20 provided on the in-building upward signal path. But when 
the TRP 71 is constituted as a usual trap circuit shown in 
Fig. 3A, the attenuation characteristic can not be made to 
be sharp in the frequency side lower than the resonance 
frequency of the TRP 71 and the in-building upward signal 

25 is attenuated in the high frequency side of its 
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transmission frequency band, as shown by a dotted line 
(BPF+TRP) in Fig. 5. 

Then, in the present embodiment, as shown by the 
dotted chain lines (BPF+TRP+EQ) in Fig. 5, the EQ 76 is 
5 provided on the path of the frequency-converted upward 
signal to compensate a drop of the signal level in the high 
frequency side (950 MHz side) of the in-building upward 
signal at the TRP 71. 

Therefore, in the EQ 76, in order to heighten the 

10 level of a signal in the low frequency side of the upward 
signal (5 MHz side) corresponding to the high frequency 
side of the in-building upward signal (950 MHz), the 
frequency of a signal which can be passed without being 
attenuated as a result that the impedance of the above- 

15 mentioned series resonance circuit becomes "0" is set to 
the minimum frequency of 5 MHz of the frequency- 
converted upward signal corresponding to the maximum 
frequency of 950 MHz of the in-building upward signal. 
[ Up-converter ] 

20 As shown in Fig. 2B, the up-converter 20 is 

provided with a first connection terminal T3 for 
connecting to the terminal 18 via the co-axial cable and 
the like and a second connection terminal T4 for 
connecting to a terminal device for communication like the 

25 cable modem 22 and the like which outputs the upward 
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signal. 

And the downward signal inputted to the first 
connection terminal T3 from the terminal 18 is taken in 
the up-converter 20 via an LPF 51 and transmitted to the 
5 terminal device side via a branch circuit 52, an HPF 53 
and the second connection terminal T4. 

Here, the LPF 51 cuts off the frequency-converted 
in-building upward signal and passes only the downward 
signal inputted to the first connection terminal T3. Its 

10 cutoff frequency is set, for example, to 890 MHz. The HPF 
53 cuts off the upward signal inputted to the second 
connection terminal T4 from the terminal device for 
communication and passes only the downward signal. Its 
cutoff frequency is set, for example, to 54 MHz. Therefore, 

15 in the up-converter 20 of the present embodiment, a 
downward signal path of the up-converter is constituted 
by the LPF 51 and the HPF 53. 

Moreover, the branch circuit 52 provided on the 
downward signal path between the LPF 51 and the HPF 53 

20 branches a part of the downward signal passed through 
the path and comprised of a so-called directional coupler. 
The downward signal branched by the branch circuit 52 is 
inputted to a BPF 60 with a narrow frequency band for 
extracting the reference signal transmitted from the 

25 down-converter 10. 
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Subsequently, the upward signal inputted to the 
second connection terminal T4 from the terminal device 
for communication is taken in the up-converter 20 via an 
LPF 54. The LPF 54 prevents the downward signal 
5 outputted by the HPF 53 from entering and selectively 
takes in only the upward signal. Its cutoff frequency is set, 
for example, to 42MHz. 

And the upward signal taken into the up-converter 
20 via the LPF 54 is inputted to a mixer 57 as a 

10 frequency-conversion means of the up-converter via an 
ATT 56 for adjusting the signal level. Then, the mixer 57 
frequency-converts the upward signal to the in-building 
upward signal by mixing the upward signal with the high 
frequency signal from a local oscillation circuit 59 of a 

15 frequency variable type whose oscillation frequency is 
controlled to be a constant frequency (in the present 
embodiment, 955 MHz) by a PLL circuit 58. 

Here, the PLL circuit 58 takes in the reference 
signal extracted at the BPF 60 (that is, the reference 

20 signal transmitted from the down-converter 10) and the 
high frequency signal for frequency-conversion outputted 
from the local oscillation circuit 59 after frequency- 
dividing each of the signals and controls the frequency of 
the high frequency signal for frequency-conversion in the 

25 up-converter 20 to be the same frequency as that of the 
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high frequency signal for frequency-conversion in the 
down-converter 10, by controlling the oscillation 
frequency of the local oscillation circuit 59 in such a way 
that the phase difference between the frequency-divided 
5 signals becomes zero. Therefore, in the present 
embodiment, the branch circuit 52, the BPF 60, the PLL 
circuit 58 and the local oscillation circuit 59 function as a 
high frequency signal generating means of the up- 
converter of the present embodiment. 

10 Subsequently, the in-building upward signal 

frequency-converted by the mixer 57 is inputted to an 
amplification circuit 62 for amplifying the in-building 
upward signal via a BPF 61 whose signal pass band is set 
to the transmission frequency band of the in-building 

15 upward signal (913 MHz-950 MHz) in order to pass the 
in-building upward signal selectively. And the in-building 
upward signal is transmitted to the terminal 18 (and 
further to the transmission line L) via an ATT 63 for 
adjusting signal level, an HPF 64 and the first connection 

20 terminal T3 after having been amplified to a 
predetermined level by the amplification circuit 62. Here, 
the HPF 64 cuts off the downward signal inputted to the 
first connection terminal T3 and passes only the in- 
building upward signal frequency-converted. Its cutoff 

25 frequency is set, for example, to 913 MHz. 



Furthermore, in the up-converter 20 of the present 
embodiment, on the output path of the in-building upward 
signal from the mixer 57 to the first connection terminal 
T3 (in more detail, on the pass between the BPF 61 and the 
5 amplification circuit 62), a trap circuit (TRP) 72 for 
removing the high frequency signal is provided in order to 
prevent the high frequency signal for frequency- 
conversion outputted from the local oscillation circuit 59 
from being passed through the output path of the in- 

10 building upward signal and transmitted to the 
transmission line L. The TRP 72 is constituted in a 
manner shown in Fig. 3A like the TRP 71. 

Furthermore, in the up-converter 20 of the present 
embodiment, an EQ 78 for compensating the transmission 

15 loss in the frequency band of the in-building upward 
signal occurring when the frequency-converted in-building 
upward signal is passed through the TRP 72 is provided on 
the input path of the upward signal from the second 
connection terminal T4 to the mixer 57 (in more detail, on 

20 the path between the LPF 54 and the ATT 56). The EQ 78 
is constituted in a manner shown in Fig. 4A, like the EQ76 
provided in the down-converter 10. 

As mentioned above, in the in-building CATV 
system of the present embodiment, the trap circuits (TRP) 

25 71 and 72 for removing the high frequency signal used in 
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the up-converter 20 for frequency-conversion are provided 
in the down-converter 10 and the up-converter 20, 
respectively, by which the upward signal from the 
terminal device 24 with a frequency lower than that of the 
5 downward signal is frequency-converted to the in-building 
upward signal with a frequency higher than that of the 
downward signal and is transmitted upward on the 
transmission line L in the building. 

As a result, the high frequency signal for 

10 frequency-conversion can be prevented from being 
transmitted to the transmission line L from the up- 
converter 20 connected to the terminal 18 and the high 
frequency signal for frequency-conversion leaking out 
from each up-converter 20 can be prevented from being 

15 overlapped and inputted to the mixer 38 in the down- 
converter 10. 

Therefore, according to the present embodiment, it 
can be prevented from occurring that the above-mentioned 
phase noise generated when the high frequency signal for 

20 frequency-conversion leaking out from the up-converter 20 
connected to the terminal 18 to the transmission line L is 
overlapped on the transmission line L is added to the 
upward signal after having been frequency-converted by 
the down-converter 10 and transmitted to the external 

25 bi-directional CATV system. 
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Furthermore, in the in-building CATV system of 
the present embodiment, the EQ 76 and the EQ 78 are 
provided on the output path of the upward signal in the 
down-converter 10 and on the input path of the upward 
5 signal in the up-converter 20, respectively, to compensate 
the transmission loss in the frequency band of the in- 
building upward signal occurring when the in-building 
upward signal is passed through the TRP 71 and the TRP 
72. 

10 As a result, according to the in-building CATV 

system of the present embodiment, the signal level in the 
low frequency side of the upward signal transmitted to the 
external bi-directional CATV system from the down- 
converter 10 can be prevented from being lowered even 

15 though the in-building upward signal is passed through 
the trap circuits (the TRP 71 and the TRP 72) in the in- 
building CATV system. 

Therefore, according to the in-building CATV 
system of the present embodiment, the original upward 

20 signal can be correctly restored from the in-building 
upward signal in the down-converter 10 and transmitted 
to the external bi-directional CATV system without 
deteriorating the quality of the upward signal. 

Particularly in the present embodiment, since the 

25 EQ 76 and the EQ 78 are provided not on the path of the 
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in-building upward signal but on the path of the upward 
signal whose frequency is lower than that of the in- 
building upward signal to correct the transmission 
characteristic of the upward signal, the operation 
5 frequency of the EQ 76 and the EQ 78 can be set to a lower 
value and so their designing and manufacturing can be 
easily carried out compared with a case in which the EQ 76 
and the EQ 78 are provided on the path of the in-building 
upward signal to correct the transmission characteristic of 

10 the in-building upward signal. 

Though in the above-mentioned embodiment, it 
was described that the trap circuits were provided in both 
of the down-converter 10 and the up-converter 20, the trap 
circuit may be provided in other transmission device 

15 provided on the transmission line L (specifically, the bi- 
directional amplifier 12, directional coupler 14, splitter 16 
and the like). 

In the following, as a modification example of the 
first embodiment, a case in which the trap circuit is 

20 provided in the bi-directional amplifier 12 will be 
described. 

The bi-directional amplifier 12 is provided with an 
input terminal T5 for being connected to the internal 
connection terminal T2 of the down-converter 10 via the 
25 transmission line L and a output terminal T6 for being 
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connected to the transmission line L at the terminal side 
than the bi-directional amplifier 12, as shown in Fig. 6. 

And the downward signal inputted to the input 
terminal T5 from the internal connection terminal T2 via 
5 the transmission line L is taken in the bi-directional 
amplifier 12 via an LPF 81. The downward signal passed 
through the LPF 81 is amplified to a predetermined level 
by being passed through an amplification circuit 82 and a 
gain adjusting circuit (referred to as a GC, hereinafter) 83 

10 of the input stage, an amplification circuit 84 and a tilt 
circuit (referred to as a TLT, hereinafter) 85 of the middle 
stage and an amplification circuit 86 of the output stage 
one after another. Subsequently, the signal is transmitted 
to the transmission line L via an LPF 87 and the output 

15 terminal T6. 

The LPF 81 and the LPF 87 cut off the in-building 
upward signal and passes only the downward signal. Their 
cutoff frequencies are set, for example, to 890 MHz, 
respectively. Therefore, in the bi-directional amplifier 12, 

20 the downward signal path of the amplifier is formed by the 
two LPFs 81 and 87. 

Furthermore, the GC 83 provided on the downward 
signal path of the amplifier together with the three 
amplification circuits 82, 84 and 86 automatically adjusts 

25 the total amplification ratio of the downward signal 
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amplification system by adjusting the degree of the built- 
in variable attenuator so that the level of the downward 
signal outputted from the amplification circuit 86 of the 
output stage becomes a predetermined level. And the 
5 TLT 85 adjusts the level of the downward signal outputted 
from the output terminal T6 so that the higher the 
frequency is, the higher the signal level becomes, 
corresponding to the attenuation characteristic of the 
downward signal on the transmission line L. 

10 On the other hand, the in-building upward signal 

inputted to the output terminal T6 from the transmission 
line L is taken into the bi-directional amplifier 12 via an 
HPF 88. The in-building upward signal passed through the 
HPF 88 is amplified to a predetermined level by being 

15 passed through an amplification circuit 89 and a GC 90 of 
the input stage, an amplification circuit 91 and an ATT 92 
of the output stage one after another and transmitted to 
the transmission line L of the down-converter 10 side via 
an HPF 93 and the input terminal T5. 

20 The HPF 88 and the HPF 93 cut off the downward 

signal and passes only the in-building upward signal, 
respectively. Their cutoff frequencies are set, for example, 
to 913 MHz, respectively. Therefore, in the bi-directional 
amplifier 12 of the present embodiment, the in-building 

25 upward signal path is formed by the two HPFs 88 and 93. 
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And in the bi-directional amplifier 12 of the present 
erabodiment, the two amplification circuits 89 and 91 
provided on the in-building upward signal path formed by 
the HPFs 88 and 93 function as an in-building upward 
5 signal amplification means. 

And on the in-building upward signal path thus 
formed by the HPFs 88 and 93 (in more detail, on the 
path between the HPF 88 and the amplification circuit 89 
of the input stage), a trap circuit (TRP) 73 for removing 

10 the high frequency signal for frequency-conversion 
leaking out from the up-converter 20 of the terminal side 
to the transmission line L before being amplified by the 
amplification circuit 89 of the input stage. The TRP 73 is 
constituted in a manner shown in Fig. 3A, like the TRPs 71 

15 and 72. 

In the thus constituted bi-directional amplifier 12 
of the present embodiment, the downward signal and the 
in-building upward signal can be amplified to 
predetermined levels, respectively and the high frequency 
20 signal for frequency-conversion leaking out from each up- 
converter 20 of the terminal side can be removed 
(lowered). 

Therefore, the high frequency signal for 
frequency-conversion leaking out from each up-converter 
25 20 of the terminal side can be lowered on the transmission 
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line L and the down-converter 10 can be made to correctly 
restore the original upward signal from the in-building 
upward signal. 

Moreover, when the in-building CATV system is 
5 constituted using the down-converter 10 shown in Fig. 2A, 
the up-converter 20 shown in Fig. 2B and the bi- 
directional amplifier 12 shown in Fig. 6, the overlapped 
signal of the high frequency signal for frequency- 
conversion leaking out from each up-converter 20 can be 

10 more surely prevented from being transmitted to the 
mixer in the down-converter 10. 

When the TRP 73 is provided in the bi-directional 
amplifier 12 as mentioned above, an equalizer for 
compensating the transmission loss in the frequency band 

15 of the in-building upward signal occurring when the in- 
building upward signal is passed through the TRP 73 may 
be provided on the in-building upward signal path. In this 
case, a device with the same constitution as that of the EQ 
76 or 78 provided in the down-converter 10 or the up- 

20 converter 20 shown in Fig. 2A or 2B, respectively, may be 
used as the equalizer. However, since only the in-building 
upward signal is passed in the bi-directional amplifier 12, 
it is necessary that the operating frequency of the 
equalizer is set to a frequency of the high frequency side of 

25 the in-building upward signal (950 MHz). 
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In the above-mentioned embodiment, it was 
explained that the circuit shown in Fig. 3A was used as the 
trap circuit (TRP) 71, 72. However, for example, as shown 
in Fig. 7, the trap circuit is constituted by connecting a 
coil L3 in series to the in-building upward signal path, 
connecting a coil L4 to the coil L3 via a magnetic material 
like ferrite and the like by mutual induction (M coupling), 
connecting a capacitor C2 to the coil L4 in parallel and 
grounding its one end. 

Since a parallel resonance circuit is constituted by 
the coil L4 and the capacitor C2 connected with each other 
in parallel when the trap circuit of a M coupling type is 
constituted in such a way, the high frequency signal for 
frequency-conversion induced in the coil L4 via the coil L3 
can be effectively removed if the resonance frequency of 
the parallel resonance circuit is set to the frequency of the 
high frequency signal for frequency-conversion. 

However, in order to constitute the trap circuit in 
such a way, a transformer in which the coils L3 and L4 are 
wound on a common ferrite core should be used and so the 
size of the trap circuit becomes big compared with that of 
the trap circuit in Fig. 3A. As a result, when such a trap 
circuit is built in the down-converter 10 or the up- 
converter 20, it is freared that the size of these converters 
becomes big. Therefore, the trap circuit shown in Fig. 7 is 
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preferably built, for example, in some housing and 
constituted as a device for dedicated use connected in 
series to the transmission line. 

Subsequently, a high frequency signal with a 
5 frequency lower than that of the in-building upward signal 
(specifically, a signal with the frequency of 908 MHz) can 
also be used as the high frequency signal for frequency- 
conversion, though in the above embodiment, it was 
explained that a high frequency signal with a frequency 
10 higher than that of the in-building upward signal was 
used as the high frequency signal for frequency- 
conversion. 

In this case, since it is necessary that the high 
frequency signal with the frequency lower than that of the 

15 in-building upward signal is removed by the trap circuit 
(TRP), it is preferable that the drop of the attenuation 
degree becomes sharp in the higher frequency side than 
the frequency of the signal to be removed ( in other words, 
the resonance frequency where the attenuation degree 

20 becomes a maximum) and the influence to the in-building 
upward signal whose frequency is higher than the 
resonance frequency can be minimized. 

And for this purpose, for example, a so-called C 
coupling trap circuit shown in Fig. 8A may be used as the 

25 trap circuit. In the C coupling trap circuit, the parallel 
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resonance circuit consisting of a coil LI and a capacitor Cl 
is connected to the in-building upward signal path via a 
capacitor C3 (corresponds to a capacitive reactance). This 
is because the frequency characteristic of the trap circuit 
5 of the C connection type is, as shown in Fig. 8B, such that 
the drop of the attenuation degree becomes sharp in the 
higher frequency side than the frequency of the signal to 
be removed (in the figure, the resonance frequency at 
which the attenuation degree becomes maximum). 

10 

[ The Second Embodiment ] 

The second embodiment of the present invention 
will be described in the following, referring to the 
drawings: 

15 The description about the same constituents as 

those of the above-mentioned first embodiment will be 
omitted or simplified. 

As shown in Fig. 9, in a in-building CATV system 
of the present embodiment, a lead-in wire 105 branched 

20 from a tap off 104 of an external bi-directional CATV 
system constituted from a head end 100, a branch 
amplifier 102, an extension amplifier 103, the tap off 104 
and the like is lead into a building B such as a collective 
residence via a protector 106. A downward signal from 

25 the external bi-directional CATV system (the frequency : 
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54 - 890 MHz) inputted from the lead-in wire 105 is 
transmitted to plural subscribers' terminals 115 in the 
building B via a transmission line 111 in the building B, 
and a bi-directional amplifier 112, a 2-way-splitter 113, a 
4-way-splitter 114 and the like provided on the 
transmission line 111. Additionally an upward signal (in- 
building up-ward signal) inputted from the terminal 111 is 
transmitted to the lead-in wire 105. 

And when the downward signal transmitted via the 
transmission line 111 is received by the television receiver 
116, the television receiver 116 demodulates the 
downward signal and outputs voice and image. 

In the in-building CATV system of the present 
embodiment, a personal computer (terminal device) 117 is 
connected to the terminal 115 via a cable modem 118 and 
reserving of watching a pay program, shopping on the 
television can be done by transmitting various data to the 
head end 100 from the personal computer 117. In more 
detail, the various data generated in the personal 
computer 117 are frequency-converted in the cable modem 
118 to the upward signal in a frequency band 
transmittable in the external bi-directional CATV system 
(in the present embodiment, from 5 to 42 MHz) and 
inputted to the terminal 115. 

An up-converter 200 is provided between the 
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terminal 115 and the cable modem 118. The upward signal 
transmitted from the personal computer 117 via the cable 
modem 118 is frequency-converted to the in-building 
upward signal in a frequency band higher than that of the 
downward signal in the up-converter 200 and then 
inputted to the terminal 115. 

And corresponding to the up-converter 200, there 
is provided a down-converter 300 for restoring the original 
upward signal with a frequency usable in the external bi- 
directional CATV system from the in-building upward 
signal transmitted from the terminal 115 via the 
transmission line 111 at the connecting part of the 
transmission line 111 of the in-building CATV system and 
the lead-in wire 105 of the external bi-directional CATV 
system. 

As shown in Fig. 10, the up-converter 200 is 
provided with a downward signal passing circuit 200a, an 
upward signal frequency-conversion circuit 200b, a first 
connection terminal Til and a second connection terminal 
T12. 

The downward signal passing circuit 200a is 
constituted from an LPF 201 for cutting off the in-building 
upward signal, a unilateral amplifier 202 and an HPF 203 
for cutting off the upward signal. The upward signal 
frequency-conversion circuit 200b is constituted from an 
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HPF 204 for cutting off the downward signal, a mixer 205, 
a local signal oscillator 206, a BPF 207, a unilateral 
amplifier 208, an ATT 209 and an HPF 210 for cutting off 
the downward signal. 
5 The frequency band of the LPF 201 for passing 

signal is equal to or lower than 890 MHz, the frequency 
band of the HPF 203 for passing signal is equal to or 
higher than 54 MHz, the frequency band of the LPF 204 for 
passing signal is equal to or lower than 42 MHz, the 

10 oscillation frequency of the local signal oscillator 206 is 
955 MHz, the frequency band of the BPF 207 for passing 
signal is 913-950 MHz and the frequency band of the HPF 
210 for passing signal is equal to or higher than 913 MHz. 

The unilateral amplifier 202 is for compensating 

15 the loss of the downward signal when the signal is passed 
through the LPF 201, HPF 203 and the like and the 
unilateral amplifier 208 is for compensating the loss of the 
upward signal and the in-building upward signal 
occurring when the signal is passed through the LPF 204, 

20 the BPF 207, the HPF 210 and the like. 

And the downward signal with a frequency from 54 
MHz to 890 MHz inputted from the first connection 
terminal Til is outputted from the second connection 
terminal T12 via the LPF 201, the unilateral amplifier 202 

25 and the HPF 203. On the other hand, the upward signal 
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with a frequency from 5 to 42 MHz inputted from the 
second connection terminal T12 is inputted to the mixer 
205 via the LPF 204. The mixer 205 frequency-converts 
the upward signal to the in-building upward signal with a 
5 frequency from 913 MHz to 950 MHz using a local signal of 
965 MHz inputted from the local signal oscillator 206. 
Then, the in-building upward signal is outputted from the 
first connection terminal Til via the BPF 207, the 
unilateral amplifier 208, the ATT 209 and the HPF 210. 

10 As shown in Fig. 11, the down-converter 300 is 

provided with a downward signal passing circuit 300a, an 
upward signal frequency-conversion circuit 300b, an 
external connection terminal T13 and an internal 
connection terminal T14. 

15 The downward signal passing circuit 300a is 

constituted from an HPF 301 for cutting off the upward 
signal, a unilateral amplifier 302 and an LPF 303 for 
cutting off the in-building upward signal. The upward 
signal frequency-conversion circuit 300b is constituted 

20 from an HPF 304 for cutting off the downward signal, a 
mixer 305, a local signal oscillator 306, a BPF 307, a 
unilateral amplifier 308 and an LPF 309 for cutting off the 
downward signal. 

And the frequency band of the HPF 301 for passing 

25 signal is equal to or higher than 54 MHz, the frequency 
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band of the LPF 303 for passing signal is equal to or lower 
than 890 MHz, the frequency band of the HPF 304 for 
passing signal is equal to or higher than 913 MHz, the 
oscillation frequency of the local signal oscillator 306 is 
5 955 MHz, the frequency band of the BPF 307 for passing 
signal is from 5 MHz to 42 MHz and the frequency band of 
the LPF 309 for passing signal is equal to or lower than 42 
MHz. 

The unilateral amplifier 302 is for compensating 

10 the loss of the downward signal when the signal is passed 
through the HPF 301, LPF 303 and the like and the 
unilateral amplifier 308 is for compensating the loss of the 
upward signal and the in-building upward signal when the 
signal is passed through the HPF 304, the BPF 307, the 

15 LPF 309 and the like. 

Then, the downward signal with a frequency from 
54 MHz to 890 MHz inputted from the external connection 
terminal T13 is outputted from the internal connection 
terminal T14 via the HPF 301, the unilateral amplifier 

20 302 and the LPF 303. On the other hand, the in-building 
upward signal with a frequency from 913 MHz to 950 MHz 
inputted from the internal connection terminal T14 is 
inputted to the mixer 305 via the HPF 304 and the mixer 
305 frequency-converts the in-building upward signal 

25 using a signal with the frequency of 955 MHz inputted 
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from the local signal oscillator 306 to restore the upward 
signal with a frequency from 5 MHz to 42 MHz. And the 
upward signal is outputted from the external connection 
terminal T13 via the BPF 307, the unilateral amplifier 308 
and the LPF 309. 

However, the frequency band of the BPF 207 for 
passing signal is from 913 MHz to 950 MHz, the frequency 
of the local signal generated by the local signal oscillator 
206 is 955 MHz and the difference of the frequency 
between these signals is small. Therefore the local signal 
can not be removed well by the BPF 207 and actually leaks 
out from the first connection terminal Til to the down- 
converter 300 together with the in-building upward 
signal. 

And when the leak local signal leaking out from 
the up-converter 200 is inputted to the down-converter 
300 together with the in-building upward signal, the leak 
local signal and the in-building upward signal is inputted 
to the mixer 305. Since the frequency of leak local signal is 
the same as that of the local signal generated by the local 
signal oscillator 306 constituting the down-converter 300 
but the phase of these signals deviates a little from each 
other, the mixer 305 restores the upward signal from the 
in-building upward signal using the local signal with low 
purity made by superimposing the leak local signal to the 
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regular local signal. Accordinly the frequency-converted 
upward signal contains a phase noise with a width of 
frequency ranging to the higher and lower sides of its 
frequency. 

Therefore, in the present embodiment, the upward 
signal frequency-conversion circuit 200b constituting the 
up-converter 200 is provided with a local signal removal 
circuit 200c constituted from a directional coupler 211, a 
unilateral amplifier 212, a gain controller (referred to as a 
GC hereinafter) 213 for adjusting level, a GC 214 for 
compensating temperature and a phase inversion 
transformer 215. 

The directional coupler 211 is for branching the 
local signal generated by the local signal oscillator 206. 

The unilateral amplifier 212 is for compensating 
the loss of the local signal when the signal is passed 
through the directional coupler 211 and the like. 

The GC 213 for adjusting level is for making the 
level of the leak local signal generated by the local signal 
oscillator 206 and inputted to the phase inversion 
transformer 215 via the directional coupler 211, the mixer 
205, the BPF 207, the unilateral amplifier 208 and the 
ATT 209, and the level of the local signal generated by the 
local signal oscillator 206 and inputted to the phase 
inversion transformer 215 via the directional coupler 211, 
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the unilateral amplifier 212, the GC 213 for adjusting 
level and the GC 214 for compensating temperature nearly 
coincide with each other in a state in which the mixer 205 
is being operated at the reference temperature. 

The GC 214 for compensating temperature makes 
the levels of the above-mentioned leak local signal and 
local signal nearly coincide with each other by controlling 
the level of the local signal inputted to the phase inversion 
transformer 215 via the directional coupler 211, the 
unilateral amplifier 212, the GC 213 for adjusting level 
and the GC 214 for compensating temperature, in response 
to the fluctuation of the level of the leak local signal 
inputted to the phase inversion transformer 215 via the 
directional coupler 211, the mixer 205, the BPF 207, the 
unilateral amplifier 208 and the ATT 209 when the level of 
the leak local signal is fluctuated according to the 
temperature rise due to the heat generation in the mixer 
205. 

The phase inversion transformer 215 is for 
inverting the phase of the local signal generated by the 
local signal oscillator 206 and transmitted via the 
directional coupler 211, the unilateral amplifier 212, the 
GC 213 for adjusting level and the GC 214 for 
compensating temperature and for mixing it with the leak 
local signal generated by the local signal oscillator 206 
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and transmitted via the directional coupler 211, the mixer 
205, the BPF 207, the unilateral amplifier 208 and the 
ATT 209. 

Therefore, the leak local signal generated by the 
local signal oscillator 206 and transmitted via the 
directional coupler 211, the mixer 205, the BPF 207, the 
unilateral amplifier 208 and the ATT 209, and the local 
signal generated by the local signal oscillator 206 and 
transmitted via the directional coupler 211, the unilateral 
amplifier 212, the GC 213 for adjusting level and the GC 
214 for compensating temperature are mixed in a state in 
which the levels of these signals are nearly the same and 
the phases of these signals are inverted from each other in 
the phase inversion transformer 215. 

In the present embodiment, the whole downward 
signal passing circuit 200a corresponds to a downward 
signal path, the whole upward signal frequency- 
conversion circuit 200b corresponds to an upward signal 
path, the local signal oscillator 206 corresponds to a high 
frequency signal generating means, the mixer 205 
corresponds to a frequency-conversion means, the local 
signal removal circuit 200c corresponds to a high 
frequency signal removal means, the directional coupler 
211 corresponds to a high frequency signal branch means, 
the phase inversion transformer 215 corresponds to a 
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phase-inverted high frequency signal mixing means and 
the GC 213 for adjusting level and the GC 214 for 
compensating temperature correspond to a level adjusting 
means. 

Subsequently, the effect of the in-building CATV 
system of the present embodiment will be described: 

In the in-building CATV system, since the local 
signal generated by the local signal oscillator 206 is 
branched by the directional coupler 211 and mixed by the 
phase inversion transformer 215 in a state in which the 
level of the local signal is nearly the same and the phase of 
the local signal is inverted as mentioned above, for 
removing the leak local signal generated by the local 
signal oscillator 206 and leaking out via the directional 
coupler 211, the mixer 205, the BPF 207, the unilateral 
amplifier 208 and the ATT 209, the two local signals are 
offset by each other and so the leak local signal is 
removed. 

Since the leak local signal is not inputted to the 
down-converter 300 when the leak local signal is removed 
in such a way, the down-converter 300 can correctly 
frequency-convert the in-building upward signal to the 
original upward signal without being influenced by the 
leak local signal. 

Therefore, the in-building CATV system of the 
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present embodiment can be constituted so that the upward 
signal outputted from the personal computer 117 can be 
transmitted to the external bi-directional CATV system 
without deteriorating its quality. 

Also the local signal removal circuit 200c is 
constituted such that the local leak signal is removed by 
branching the local signal generated by the local signal 
oscillator 206 by the directional coupler 211 and by mixing 
the branched local signal with the leak local signal after 
phase-inverting the branched local signal by the phase 
inversion transformer 215. Therefore, there is no need to 
provide additionally an oscillator for generating a signal 
for removing the leak local signal and the number of parts 
is not increased. 

Furthermore, since the local signal removal circuit 
200c is provided with the GC 213 for adjusting level and 
the GC 214 for compensating temperature and constituted 
to make the level of the leak local signal generated by the 
local signal oscillator 206 and inputted to the phase 
inversion transformer 215 via the directional coupler 211, 
the mixer 205, the BPF 207, the unilateral amplifier 208 
and an ATT 209, and the level of the local signal generated 
by the local signal oscillator 206 and inputted to the phase 
inversion transformer 215 via the directional coupler 211, 
the unilateral amplifier 212, the GC 213 for adjusting 
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level and the GC 214 for compensating temperature nearly 
coincide with each other, the leak local signal can be 
surely removed. 

Subsequently, the effect of providing the local 
signal removal circuit 200c in the up-converter 200 will be 
described in the following: 

Fig. 12A shows what signals are outputted from 
the first connection terminal Til when a sine wave signal 
of 15 MHz and 100 dB u is inputted from the second 
connection terminal T12 in a state in which the up- 
converter 200 is not provided with the local signal removal 
circuit 200c, that is, a state in which the local signal 
oscillator 206 and the mixer 205 is directly connected and 
the ATT 209 and the HPF 210 is directly connected in Fig. 
10. Fig. 12B shows what signals are outputted from the 
first connection terminal Til when a sine wave signal of 
15 MHz and 100 dB u is inputted from the second 
connection terminal T12 in a state in which the up- 
converter 200 is provided with the local signal removal 
circuit 200c, that is, a state shown in Fig. 10. 

As evidently shown by the comparison of Fig. 12A 
and Fig. 12B, the level of the signal of 955 MHz (leak local 
signal) outputted from the first connection terminal Til is 
decreased significantly (23.8 dB) by providing the local 
signal removal circuit 200c in the up-converter 200. On 
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the other hand, the level of the signal of 940 MHz (in- 
building upward signal) drops only a little (4.3 dB). The 
highest noise in the range from 913 MHz to 950 MHz is the 
noise of 925 MHz (36.7 dB), but the difference of this noise 
and the in-building upward signal is big enough (46 dB). 

In the above-mentioned embodiment, the in- 
building CATV system is constituted such that the local 
signal oscillator 206 provided in the up-converter 200 and 
a local signal oscillator 306 provided in the down- 
converter 300 generate the local signals independently. 
However the in-building CATV system may be constituted 
in such a way that the down-converter 300 is provided 
with a reference oscillator for generating a reference 
signal with a frequency lower than that of the downward 
signal, the frequency of the local signal generated by the 
local signal oscillator 306 is controlled to be a constant 
frequency by carrying out PLL control using the reference 
signal, and the reference signal is transmitted to the up- 
converter 200 from the down-converter 300 and the 
frequency of the local signal generated by the local signal 
oscillator 206 is controlled to be a constant frequency by 
carrying out PLL control using the reference signal in the 
up-converter 200. Since in such a constitution, the 
quantity of the frequency-conversion from the upward 
signal to the in-building upward signal in the up- 
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converter 200 can be made to strictly correspond to the 
quantity of the frequency-conversion from the in-building 
upward signal to the upward signal in the down-converter 
300, the original upward signal can be correctly restored 
from the frequency-converted in-building upward signal. 

Though in the above-mentioned embodiment, local 
signal removal circuit 200c is constituted such that the 
local signal generated by the local signal oscillator 206 is 
branched by the directional coupler 211 and is mixed with 
the leak local signal by the phase inversion transformer 
215 to remove the leak local signal, a oscillator to 
generate a signal for removing the leak local signal may be 
provided additionally if increase of parts does not become 
a problem. 

Though the present embodiments were described 
above, the present invention is not limited to the above- 
mentioned embodiments and, needless to say, can be 
embodied variously. 

For example, in the above-mentioned first and 
second embodiments, the in-building CATV system is 
constituted such that a signal in the same frequency band 
as that of the upward signal outputted from the modem 22 
(118) is outputted to the external bi-directional CATV 
system after frequency-converting the upward signal or 
the in-building upward signal using the high frequency 
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signal with the same frequency in the up-converter 20 
(200) and the down-converter 10 (300), respectively. 
However, the in-building CATV system may be constituted 
such that the original upward signal from the modem 22 
5 (118) is different from the upward signal for outputting to 
the external bi-directional CATV system in frequencies by 
using high frequency signals with different frequencies in 
the up-converter 20 (200) and the down-converter 10 (300), 
respectively. 

10 Specifically, for example, when the frequency band 

of the original upward signal outputted from the modem 
22 (118) is set to 10 MHz-20 MHz and the frequencies of 
the high frequency signal for frequency-conversion used in 
the up-converter 20 (200) and down-converter 10 (300) are 

15 set to 935 MHz and 955 MHz, respectively, the frequency 
band of the in-building upward signal becomes 935 MHz- 
945 MHz, and the frequency band of the upward signal for 
outputting to the external bi-directional CATV system can 
be set to 20 MHz-30 MHz. 



20 
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What we claim is 

1. An in-building CATV system connected to a 
lead-in wire of an external bi-directional CATV system for 
transmitting a downward signal inputted from the lead-in 
wire to plural terminals in a building, comprising: 

an up-converter for frequency-converting an 
upward signal outputted from a subscriber terminal device 
to an in-building upward signal having a frequency higher 
than that of the downward signal and for transmitting the 
in-building upward signal toward the lead-in wire from 
each terminal via the transmission line; 

a down-converter provided between said 
transmission line and said lead-in wire for frequency- 
converting the in-building upward signal to an upward 
signal with a frequency lower than that of the downward 
signal for outputting to the external bi-directional CATV 
system and for transmitting the frequency-converted 
upward signal to said external bi-directional CATV system 
via said lead-in wire; and 

a noise removal means provided on a transmission 
path of said in-building upward signal from said up- 
converter to said down-converter for removing a high 
frequency signal with a specific frequency used in said 
up-converter for frequency-converting the original upward 
signal outputted from said terminal device to the in- 
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building upward signal. 

2. An in-building CATV system according to claim 
1, wherein 

said up-converter and said down-converter are 
constituted to frequency-convert the upward signal 
outputted from said terminal device and the in-building 
upward signal using a high frequency signal with the same 
frequency, respectively. 

3. An in-building CATV system according to claim 
1, wherein 

said noise removal means comprises a trap circuit 
provided on at least one of the transmission line to said 
each terminal from said down-converter, a path of the in- 
building upward signal in a transmission device provided 
on said transmission line, an output path of the in- 
building upward signal in said up-converter and an input 
path of the in-building upward signal in said down- 
converter. 

4. An in-building CATV system according to claim 
3, wherein 

a frequency of the high frequency signal for 
frequency-conversion is set to a frequency higher than 
that of the in-building upward signal; 

said trap circuit is provided in at least one of said 
transmission device, said up-converter and said down- 
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converter; and 

said trap circuit is constituted by connecting a 
resonance circuit to a transmission path of the in-building 
upward signal via a inductive reactance. 

6. An in-building CATV system according to claim 
3, wherein 

a frequency of the high frequency signal for 
frequency-conversion is set to a frequency lower than that 
of the in-building upward signal; 

said trap circuit is provided in at least one of said 
transmission device, said up-converter and said down- 
converter; 

said trap circuit is constituted by connecting a 
resonance circuit to a transmission path of the in-building 
upward signal via a capacitive reactance. 

6. An in-building CATV system according to claim 
3, wherein 

an equalizer for compensating a transmission loss 
in the frequency band of the in-building upward signal 
occurring when the in-building upward signal is passed 
through said trap circuit is provided on at least one of the 
transmission path of the in-building upward signal from 
said up-converter to said down-converter, the 
transmission path of the upward signal outputted from 
said terminal device and the transmission path of the 
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upward signal outputted from said down-converter. 

7. An in-building CATV system according to claim 
6, wherein 

said equalizer is provided on at least one of a 
transmission line from said down-converter to said each 
terminal, a path of the in-building upward signal in the 
transmission device provided on said transmission line, an 
input path of the upward signal outputted from said 
terminal device in said up-converter, an output path of the 
in-building upward signal in said up-converter, an input 
path of the in-building upward signal in said down- 
converter and an output path of the upward signal 
frequency-converted from the in-building upward signal in 
said down-converter. 

8. A down-converter provided between a lead-in 
wire from an external bi-directional CATV system and a 
transmission line in a building in the in-building CATV 
system according to claim 3, comprising: 

a downward signal path of said down-converter for 
transmitting a downward signal inputted from said 
external bi-directional CATV system via said lead-in wire 
to said transmission line; 

a high frequency signal generating means of said 
down-converter for generating a high frequency signal for 
frequency-converting the in-building upward signal 
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outputted from said up-converter at the terminal side to 
an upward signal with a frequency lower than that of the 
downward signal for being transmitted to the external bi- 
directional CATV system; 
5 a frequency conversion means of said down- 

converter for taking the in-building upward signal 
transmitted from said up-converter via said transmission 
line, frequency-converting the in-building upward signal 
to the upward signal for being outputted to said external 

10 bi-directional CATV system by mixing the in-building 
upward signal and the high frequency signal generated by 
the high frequency signal generating means of said down- 
converter and transmitting the frequency-converted 
upward signal to said lead-in wire; and 

15 a trap circuit provided on a input path of said in- 

building upward signal to said frequency conversion 
means of said down-converter. 

9. A down-converter provided between the lead-in 
wire from the external bi-directional CATV system and the 

20 transmission line in a building in the in-building CATV 
system according to claim 6, comprising: 

a downward signal path of said down-converter for 
transmitting a downward signal inputted from the 
external bi-directional CATV system via said lead-in wire 

25 to said transmission line; 
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a high frequency signal generating means of said 
down-converter for generating the high frequency signal 
for frequency-converting the in-building upward signal 
outputted from said up-converter at said terminal side to 
5 an upward signal with a frequency lower than that of the 
downward signal for being transmitted to the external bi- 
directional CATV system; 

a frequency conversion means of said down- 
converter for taking in said in-building upward signal 

10 transmitted from said up-converter via said transmission 
line, frequency-converting the in-building upward signal 
to the upward signal for being outputted to the external 
bi-directional CATV system by mixing the in-building 
upward signal and the high frequency signal generated by 

15 said high frequency signal generating means of said down 
converter, and transmitting the frequency-converted 
upward signal to said lead-in wire; and 

an equalizer on at least one of the input path of the 
in-building upward signal to the frequency conversion 

20 means of said down-converter and the output path of the 
frequency-converted upward signal from said frequency- 
conversion means of down-converter. 

10. An up-converter provided between the terminal 
and a subscriber terminal device in the in-building CATV 

25 system according to claim 3, comprising: 
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a downward signal path of said up-converter for 
transmitting the downward signal transmitted from the 
external bi-directional CATV system via said down- 
converter and said transmission line to said terminal 
5 device; 

a high frequency signal generating means of said 
up-converter for generating the high frequency signal for 
frequency-converting the upward signal outputted from 
said terminal device to the in-building upward signal in a 

10 predetermined frequency band; 

a frequency conversion means of said up-converter 
for taking in the upward signal outputted from said 
terminal device, frequency-converting said upward signal 
to the in-building upward signal by mixing the upward 

15 signal and the high frequency signal generated by said 
high frequency signal generating means of said up- 
converter and outputting the frequency-converted in- 
building upward signal to said terminal side; and 

a trap circuit on the output path of said in- 

20 building upward signal from said frequency conversion 
means of said up-converter. 

11. An up-converter provided between the terminal 
and the subscriber terminal device in the in-building 
CATV system according to claim 6, comprising: 

25 a downward signal path of said up-converter for 
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transmitting the downward signal transmitted from the 
external bi-directional CATV system via said down- 
converter and the transmission line to said terminal 
device; 

5 a high frequency signal generating means of said 

up-converter for generating the high frequency signal for 
frequency-converting the upward signal outputted from 
said terminal device to the in-building upward signal in a 
predetermined frequency band; 

10 a frequency conversion means of said up-converter 

for taking in the upward signal outputted from said 
terminal device, frequency-converting the upward signal 
to the in-building upward signal by mixing the upward 
signal and the high frequency signal generated by said 

15 high frequency signal generating means of said up- 
converter and outputting the frequency-converted in- 
building upward signal to said terminal side; and 

an equalizer on at least one of the input path of 
said upward signal outputted from said terminal device to 

20 said frequency conversion means of said up-converter and 
the output path of the in-building upward signal from said 
frequency conversion means of said up-converter. 

12. An amplifier provided on the transmission line 
from the down-converter to each terminal for amplifying 

25 signals flowing through the transmission line in the in- 



building CATV system according to claim 3, comprising: 

a downward signal path of the amplifier for 
transmitting the downward signal transmitted from said 
down-converter to the terminal; 
5 an in-building upward signal path for transmitting 

the in-building upward signal transmitted from said up- 
converter connected to said terminal to said down- 
converter; and 

a signal amplification means provided at least on 

10 one of said downward signal path of said amplifier and 
said in-building upward signal path for amplifying at least 
one of the downward signal and the upward signal flowing 
through at least one of said downward signal path of said 
amplifier and said in-building upward signal path; and 

15 a trap circuit on the in-building upward signal 

path. 

13. An amplifier provided on the transmission line 
from the down-converter to each terminal for amplifying 
signals flowing through the transmission line in the in- 
20 building CATV system according to claim 6, comprising: 

a downward signal path of the amplifier for 
transmitting the downward signal transmitted from said 
down-converter to the terminal; 

an in-building upward signal path for transmitting 
25 the in-building upward signal transmitted from said up- 
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converter connected to said terminal to said down- 
converter; and 

a signal amplification means provided at least on 
one of said downward signal path of said amplifier and 
5 said in-building upward signal path for amplifying at least 
one of the downward signal and the upward signal flowing 
through at least one of said downward signal path of said 
amplifier and said in-building upward signal path; and 

an equalizer on said in-building upward signal 

10 path. 

14, An in-building CATV system according to claim 
1, wherein said up-converter provided between said 
terminal and said terminal device comprises: 

a downward signal path for transmitting the 
15 downward signal transmitted from the external bi- 
directional CATV system via said down-converter and said 
transmission line to said terminal device; 

an upward signal path for transmitting the upward 
signal outputted from said terminal device to said 
20 terminal; 

a high frequency signal generating means for 
generating the high frequency signal for frequency- 
converting the upward signal outputted from said 
terminal device to the in-building upward signal in a 
25 predetermined frequency band; and 
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a frequency conversion means for frequency- 
converting the upward signal from said terminal device to 
the in-building upward signal by mixing the upward signal 
transmitted from said terminal device side of said upward 
5 signal path and the high frequency signal generated by 
said high frequency signal generating means and for 
transmitting the in-building upward signal to said 
terminal side of said upward signal path; 

said noise removal means is provided in said up- 

10 converter and comprises a high frequency signal removal 
means for removing a leak-out high frequency signal from 
said upward signal path by mixing the leak-out high 
frequency signal leaking out to said terminal side on said 
upward signal path together with the in-building upward 

15 signal when said frequency conversion means frequency- 
converts with the phase-inverted high frequency signal 
whose phase is inverted against the phase of the high 
frequency signal generated by said high frequency signal 
generating means and by offsetting the leak-out high 

20 frequency signal by the phase-inverted high frequency 
signal. 

15. An in-building CATV system according to claim 
14, wherein 

said high frequency signal removal means 
25 comprises: 
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a high frequency signal branch means for 
branching the high frequency signal generated by said 
high frequency signal generating means and transmitted 
to said frequency conversion means; and 
5 a phase-inverted high frequency signal mixing 

means for mixing the phase-inverted high frequency 
signal made by phase-inverting the high frequency signal 
branched by said high frequency signal branch means with 
the high frequency signal transmitted through said 
10 upward signal path. 

16. An in-building CATV system according to claim 
14, wherein said high frequency signal removal means 
comprises: 

a level adjusting means for adjusting the level of 
15 the phase-inverted high frequency signal so that the level 
of the phase-inverted high frequency signal becomes 
nearly the same as the level of the high frequency signal 
transmitted through said upward signal path. 

17. An up-converter provided between a terminal 
20 and a terminal device in the in-building CATV system 

according to claim 14 , comprising: 

a downward signal path for transmitting the 
downward signal from the external bi-directional CATV 
system transmitted via said down-converter and the 
25 transmission line to said terminal device; 



an upward signal path for transmitting the upward 
signal outputted from said terminal device to said 
terminal; 

a high frequency signal generating means for 
5 generating the high frequency signal for frequency- 
converting the upward signal outputted from said 
terminal device to the in-building upward signal in a 
predetermined frequency band; and 

a frequency conversion means for frequency- 

10 converting the upward signal from said terminal device to 
the in-building upward signal by mixing the upward signal 
transmitted from said terminal device side of said upward 
signal path with the high frequency signal generated by 
said high frequency signal generating means and for 

15 transmitting the in-building upward signal to said 
terminal side of said upward signal path; 

said noise removal means comprises a high 
frequency signal removal means for removing a leak-out 
high frequency signal from said upward signal path by 

20 mixing the leak-out high frequency signal leaking out to 
said terminal side on said upward signal path together 
with the in-building upward signal when said frequency 
conversion means frequency-converts with the phase- 
inverted high frequency signal whose phase is inverted 

25 against the phase of the high frequency signal generated 
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by said high frequency signal generating means and by 

offsetting the leak-out high frequency signal by the 

phase-inverted high frequency signal. 

18. An up-converter according to claim 17, wherein 
said high frequency signal removal means 

comprises: 

a high frequency signal branch means for 
branching the high frequency signal generated by said 
high frequency signal generating means and transmitted 
to said high frequency conversion means; and 

a phase-inverted high frequency signal mixing 
means for mixing the phase-inverted high frequency 
signal made by phase-inverting the high frequency signal 
branched by said high frequency signal branch means with 
the high frequency signal transmitted through said 
upward signal path. 

19. An up-converter according to claim 17, wherein 
said high frequency signal removal means comprises: 

a level adjusting means for adjusting the level of 
the phase-inverted high frequency signal so that the level 
of the phase-inverted high frequency signal becomes 
nearly the same as the level of the high frequency signal 
transmitted through said upward signal path. 



ABSTRACT OF THE DISCLOSURE 
In an in-building CATV system in which an upward 
signal is frequency-converted to an in-building upward 
signal using an up-converter at a terminal side and the 
5 frequency-converted in-building upward signal is 
outputted to an external system after frequency- 
converting the in-building upward signal to an upward 
signal for outputting using a down-converter, a high 
frequency signal for frequency conversion leaking out from 

10 the up-converter is occasionally transmitted to the down- 
converter. Then, a trap circuit for removing the high 
frequency signal is provided on an in-building upward 
signal path in each converter. And an equalizer is provided 
on an upward signal path in each converter to compensate 

15 a transmission loss in the frequency band of the in- 
building upward signal occurring when the in-building 
upward signal is passed through the trap circuit. 
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1^1002 



COWBINeD DECLARATION AND POWER OF ATTORNEY 

(Original. Design, National Stage of PCT. SupplementaO 
As a belovv named Inventor, I hersby declare that 

TfPE OF DECLARATION 
This declaration is of the following type: (check one applicable Item below} 

S ordinal 

□ design 

□ supplemental 

□ National Stage of PCT 

□ division^ (see added page) 

D . conUnuation (see added page) 

□ continuation<in-part (see added page) 

INVENTORSHIP IDENTIFICATION 

My/our residence, post office address and clfizenship is/are as stated below neidta n^/ourname. I/We 
believe that the named inventor or Inventors listed below is/are the original and first inventor or Inventors 
of the subject matter which Is claimed and for which a patent is sought on the invention entitled: 

TITLE OF INVENTION 

IW-BUII.DING CATV SYSTEM. , DOWN- CONVERTER , tTP-CONVE RTER 
AND AMPLIFIER 

SPECIFICATION IDENTIFICATION 

The specificafion of which: (complete (a), (b) or (c)) 
' (a) B Is attached hereto. 

(b) a was filed on _as 

□ Serial No. , 



Express Mail No. as Serial No. (not yet known) and was 

amended on ^ .(If applicable). 

(c) O was described and claimed In PCT intemationat Application No, 

filed on and as amended under PCT Article 19 on 
(if any). 

POWER OF ATTORNEY 

As a named inventor. I hereby appoint the following attomey(s} and/oragent(s) to pnjsecutethls 
application and transact all business In the Patent and Trademark Office connected therewith, (list 
name(s} and registration number(s)} 

Anthony G. M. Davis Registration No, 27.86B 

Michael J. Bujotd Registration No. 32,018 

Scott A. Daniels Registration No. 42.462 

□ Attached as part of this DeelaraQon and Power of Attorney Is the authorization of the above- 
named attomey(s) to scoept and foUow instructions from my representative(s). 

Send Correspondence to: Direct Telephone Calls to: 

(603) 624-9220 

Davis and Bujold 

Fourth Floor Direct Teleliaxes to: 

500 N. commercial Street (603) 624.8229 

Manchester, NH 03101 
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ACKi^OWUEOGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I/W6 hemby slate that lAira have reviewed and understand the contehts of the above identified 
specification, including the <fialms. as amended by any amendment referred to above. 

UWe actowledge the duty to dlsdoae to the United State* Patent Office aU Information which 
Is known to bo material to patentability of this application as defined in § 1 .63 of Tffle 37 of the Code of 
Federal ReguteiQons. 

PRIORITY CLAIM 

I/We hereby claim foreign priority benefits under Title 3S. United States Code. § 119 of any 
forelon applleatlonCs) for patent or Inventor's eertilicale or of any PCT International appHcatIon(8) 
designating at least one countiy other than the United States of America listed below and have also 
identified below any fbrelgn appl£caHon(sJ for patent or inventor's certificate or any PCT International 
appllcaHon{s> designating at least one oountiy otherlhan the United States of America filed by me/us 
on the same subject matter having a filing date befone that of the appncatlon(s) of which priority is 
datmed. 



IB MONTHS FOR DESIGN) PF 


UOR TO THIS U.S. APPLIC 


ATION 


1 COUNTRY 


APPLICATION NO. 


DATE OF RUNG 
(dav. montii. year) 


PRIORITY CLAIMED 
UNDER 37 use 119 


1 Japan 


11-317396 


8, Nov. ,1999 


BYES DNO 


y Japan' 


2000-44323 


22, Feb, ,2000 


eVES DNO 








OYES CINO 








□YES DNO 








□YES DNO 



ALL FOREIGN APPLICAT10N{S). IF ANY FILED MORE THAN 12 MONTHS 
(8 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



p I/We hereby dalm the benefit, under 35 U.S.C. 1l9{e), of any United States provisional 
^pHcaHon(s) Hslad below. 



ADDlfcaHon Numberfs) 


FIIInoDate(MWDDnryi 


□ Addlfional pnavlsional 
application numtaers are Qsted 
on a supple-menial prtortty 
data Sheet PTO/SSmB 
attached hereto. 







DECLARATION 

I/We hereby declare that all stat^ents made herein of my/our own knowledge are true and fiiat 
all statements made on information and belief are believed to be true: and furtherihat these statements 
were made with the Icnowtedge that wiHlul fialse statements and the like so made are punishable by fine 
or Imprisonment, or both, under Section 1001 of Title 1 8 of the United States Code, and that such willful 
Isiss statements may jeopardize 0ie valldRy of the application or any patent issued thereon. 

Full name of eSiBCtSf first Joint Inventar: Keisuke YQSHIQA ^ 

Inventor's ^t«n«tum - isu ke Yc SN t OA pate:- , October 20, 2000 

Rflalrfftncfl -- c/o MASPRODENKOH KABUSHIKIKAISHA, 80,. Johnph, 

Asada-cho, Nisshin-shi, Axfehi-ken, 470-0194 Japan 



Pftgt OfRefl Aridrasa; Same as above rmintrv of Clteanahlp-. Japan 
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liM ADACHIPAT. -^DB 



1004 



Yoshifumi SUGIURA 



bi> October 20, 



Fun name of second jplnt inventor, 

Invsntoffi rignaturet — ^ 

= c/o MASPKODENKOH K&BU5HIKI3tAISH A^ 80, Johnoh^ 

Residence:;..: . . — — — , 

Asada-cho, Nisshin-shi, Aichi-ken, 470-0194 Japan 



Post Office Add: 



. Countiy of Clttoiahlp:, 



Japan 



Full name of third Joint Invehton. 

Inventor's ^gnature:__.„ 

Residence:^ . 



Post Office Addres) 



Country of Clti»nshlp:. 



Full name of fourth joint inventor^ 

InventOl's gignatura: 

Residence: 



Post Otitce Address:^ 



. Country of Citizenship:. 



Full name of fifth Joint Inventor^ 

Inventor's signature:,^ 

Residence:. „ 



Post Offlcs AHrimsfi- Samft as above 



. Country of Cllkenship:. 



Full name of siidh Joint inventor^ 

Inventor's signature: 

Rss!dence:_ - 



Post Office Address :. Sameasatpove Country of CiUranshlp:. 

Full name of seventh Joint lnventor^__^ . 

Inventor's signature:__ .. Date:_ 

Reddenee: : — : 

PoatOffleftAddmas: Same as above Countjy of ClUzenshtp;, 



Full name of eighth Joint tnventor;__ 

Inventor's Bl^naturBt Date:. 
Rasidenea: _ 



tSMt nfBf» Addmas : Same as alwave Country of Cffizenship^ 



